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The Induction of Grain Size and Colour Mutations in Rice 
(Oryza sativa L.) by Radioisotopes 

A. K. BASU and RABINDRA KRISHNA BASU 

Cytogenet ics  L a b o r a t o r y ,  D e p a r t m e n t  of Bo tany ,  Bose Ins t i tu t e ,  Ca lcu t t a  (India)  

Summary. Seven mutants  with changes ill grain size and in pigmentation of various organs were isolated in the 
M 2 and 3/I a generations of the Patnai  variety of winter rice after t rea tment  with a2p and asS. Some of these could be 
useful for breeding. 

The narrow grain nlutant, isolated in the 3,/a generation after t rea tment  wilt1 a2p, was high-yielding and had fine 
grains and an increased number of long panicles. 

Two short grain mutants  with changed husk colour were obtained in the :Lr a generation after t rea tment  with a2p. 
One was also early maturing. 

One purple apiculus and three purple husk mutants  were isolated in the M e generation after trc 'atment with asS. 
Some of these also had reduced plant  height and short  grains. The purple apiculus mutant  bred true for stigma and 
apiculus colour, but  segregated for leaf sheath colour. In purple husk mutants  the segregation of mutant  characteristics 
was unusual and there was manifestation of new characters. 

Introduction 

R a d i a t i o n - i n d u c e d  m u t a t i o n s  affect ing shape,  size 
and  p i g m e n t a t i o n  of var ious  organs in rice p lan t s  are  
known (Ramiah  and Rao,  1953; I . R . C . ,  t959;  
I.  R. R. I. ,  1963; Basu  and Basu,  1967). In  an ear-  
l ier r epor t  Basu  and  Basu  (1. c.) descr ibed  two shor t  
gra in  m u t a n t s  in win te r  rice induced  b y  a2p. This  
p a p e r  presen ts  an analys is  of three  m u t a n t s  mani -  
fest ing change in gra in  size and four n m t a n t s  wi th  
purp le  p i g m e n t a t i o n  of apiculus  and husk, induced  
by  a2p and  a~S respec t ive ly  in the  P a t n a i  va r i e ty  of 
win te r  rice. Some of t hem were useful  for b reed ing  
because  of the i r  high gra in-y ie ld  and  fine gra in  qual i-  
ties. 

Material and Methods  

Dry seeds of Patnai,  a variety of winter rice (Oryza 
saliva L.), were t reated with a',p and a~S at  dosages ranging 
from 0.O4 20.00 fxc per seed, and 0.22 20.00 ~c per seed, 
respectively. The control, t reated and mutant  ptants  
were grown in replicated plots. The mutan t  characte- 
ristics and agronomic trai ts  were compared with those of 
the mother  line in some subsequent generations after iso- 
lation. 

Results  

a) Nar row grain  m u t a n t  : One nar row gra in  m u t a n t  
(Fig. 1) was i so la ted  in the  M a genera t ion  af ter  t r e a t -  
men t  wi th  4 #c  a2p per  seed. The gra ins  of the  cont ro l  
were long and bo ld ;  the  m u t a n t  showed s ignif icant  
r educ t ion  in length,  b r e a d t h  and th ickness  of gra ins  
when f i f ty  gra ins  each from the m u t a n t  and  cont ro l  
were measured ,  wi th  the  m a x i n m m  reduc t ion  being 
observed  in b r e a d t h  (Table 1). The l e n g t h / b r e a d t h  
ra t io  of the  gra ins  in the  m u t a n t  was 5.40 c o m p a r e d  
wi th  4.62 in the  control .  

The  m u t a n t  b red  t rue  for gra in  size cha rac te r  but ,  
c o m p a r e d  with  the  M a genera t ion ,  the  reduc t ion  in 
gra in  size was more p ronounced  in the  M 4 where the  
l e n g t h / b r e a d t h  ra t io  was 5.75 in the  n m t a n t  and  4.80 
in the  cont ro l  ( T a b l e / ) .  

This  n m t a n t  had  higher  gra in-yie ld ,  more panicles  
and  g rea te r  panicle  length  t han  the  cont ro l  ( 'Fable 2). 
However ,  because  of r educed  gra in  size, the t 000-grain 
weight  of the  m u t a n t  (22.87gins.)  was lower t han  
t h a t  of the  cont ro l  (32.87 gins.). 

b) Shor t  gra in  n m t a n t s :  In  the  3 I  2 genera t ion ,  
two plants ,  S. G. 1 and S. G. 2, were se lected from the 

Table 1. 

Type Length 

Generat ion  3I a M t 

~ a r r o \ v  
grain 
mutan t  ] o.54"** z~-o.()62 
Control I o.87 ~o.o74 

G*'ain dimension (,ira) ~ S. E. in ;1,I a and 31,1 generalio~Ls 

]]re.adth Thickness 

:11 a 3/< 31 a 

l i ) . 2 4 ' * *  ~tk076 1.!)5"**~0.~119 1.78"**=~I1.O15 1 . 6 3 " * * ~  0.o17 
IO.85 +_O.{159 2.35 ~=<1.017 2.35 -I-o.017 t .75 ~-O.019 

i l/4 

1.52"** 2~-IkIIl 3 
1.85 ~O.016 

*** = P < 0.001 



l'ol. 4 o, No. 5 Induction of Grain Size and Col<mr Mutations in Rice 

Type 

Table 2. Character values j~ S. 1'.. i~; 314 ge,~eralio,~ 

Plant height No. of panicles 
(cm) 

8.9"** ::~ 0.23 
6.8 -1- ~ I. 1 ,"; 

Narrow grain mutan t  179.6~(I.98 
Control I 78.6• 1.O5 

** = 1 ) ~ 0.O1 *** ~ ]) <~. ().riO1 

Panicle length Grain yield 
(cm) (gm/plant) 

27.2 ' '4-{I .14 13.11"** ~ 0.72 
26.7 ~ ( ) . 1 0  7./6 :~- 0.57 
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Table 3. G;'ab~ dime,zsio~ On.m) 4- S. K. in M 2 am/~%l.a generations 

Type 

Generation 3I. 2 

S. G. I 10.02 
S. G. 2 9.02 
Control 10.91 

Comparisons : 
S.G.I. vs 

L e n g t h  ]{readth 

3 I  a 312 31 a 

i 0 . 0 9 6  10.30 ~0.084 2.38 ~O.013 2.37• 
-4-0.070 9.93 :}=0.()72 2.29 =1={).()17 2.33~0.()22 
io .063  lO.98 ~o.o91 2.39 ~o.()13 2.37~-~L~H5 

Control o.89"**~7o.115 o.68"**--o.124 I) .Ol  :~o.I)18 o.()():~().02o 
S. (;. 2 vs 
Control 1.89"**~o.()94 1.t)5"**~_().116 ().l()***~ll.()2i I).o4i().027 
S. G. t vs 
S. (;. 2 1 .00"**i0 .119 0.37"**~oA11 o.09"**::~0.o21 I1.1i4:~().()26 

* = P <  ().t)5 **  = P ~ I ) . O l  * * *  = . P < I ) . I ) ( ) I  

Thickness 

312 3 / a  

1.82 x_O.Ot 2 1.79 -t-0.014 
1.72 • 1 . 7 1  • 
1.77 ~J<l)13 1.79 • 

0.05** ~().olS o . ( )o  ~o.020 

I ) . o 5 "  ~- (1 . ( )21  o . 0 8 "  * *  : : ~ o . 0 2 I  

().1 o*** ~_o.021 0.o8" * * :J70.020 

popula t ion  t rea ted wi th  0.4/ ,c  a2/o per seed; they had 
shorter  grains t han  the control  (Fig. 2) and  yellowish 
brown coloured husks. Compared with the control,  
S. G. I showed signif icant  reduct ions  in the length 
and  thickness of grains, while S. G. 2 showed re- 
duct ions  in length,  b read th  and  thickness.  S .G .  2 
showed a more pronounced  reduct ion in grain size 
t han  did S. G. t (Table '~). 

Both S. G. t and  S. G. 2 bred t rue for grain size 
and  husk colour in the M a and M 4 generations.  These 
m u t a n t s  were tested for yielding capaci ty  and  other 
agronomic characters  in a progeny row tr ial  with 
nine repl icat ions in the ,~Ir 4 generat ion.  Both the mu-  

t an t s  had lower grain and straw yields than  the con- 
trol (Table 4). 

For  1000-grain weight, the control  had a signifi- 
can t ly  ( P <  0.001) higher value {3t.8 gms.) t han  
S. G. I (23.7 gms.) and S. G. 2 (23.1 gins.);  be tween 
tile two m u t a n t s  it did not  va ry  conspicuously,  the 
critical difference at 0.t o{~ level being 1.01. 

S. G. I was an early m a t u r i n g  type  when judged by  
mean  flowering time, The difference in mean  flo- 
wering t ime between S. G. I and the control  or S. G. 2 

Fig. 1 
(;rain size: (A) control and 
(B) narrow grain mutant 

Fig. 2 
(;rain size: (A) control, (B) 

S. G. I and (C) S. G. 2 
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Type 

S .G.  1 
S.G.  2 
Control 
S .E .  
C. D. at  5% level 

Table 4. Character values 4- S. E. in  ~I~ generation 

Plant height No. of panicles Panicle length (;rain yield Straw yield 
(cm) (cm) (gm/30 plants) (gin/30 plants) 

~54 8.4 26.0 462 652 
256 8.5 25.6 520 847 
257 8.8 25.9 568 91o 

1.8 0.26 (I.26 32.1 57.3 
. . . .  171.8 

was highly significant, as shown below: 

Type Mean flowering 
time (days) _L S. E. 

S. G. I 105.8" ~- 0.t0 
S. G. 2 108.7 4- 0.09 
Control 108.7 4- 0.09 

No. of plants  
examined 234-- 270 

* = - P < o . o o l  

c) Purple mutants:  One purple apiculus, P . A .  
(Fig. 3), and three purple husk mutants ,  P. H. 1, 
P. H. 2 and P. H. 3, were isolated in the M 2 genera- 
tion. P . H .  t was isolated after treatment with 
12/~c ass per seed and the rest resulted from treat- 
ment with t6 /zc  ass per seed. The relative plant 
height and the pigmentation in various organs of the 
nmtants  and control were as follows: 

Colour of 
Plant 

Type height Leaf 
sheath 

P .A .  Tall Purple 
P. H. I Short  Green 
P. H. 2 Short  Green 
P. H. 3 Short  Green 
Control Tall Green 

Stigma Apiculus 

Purple Purple 
White Purple 
White  Purple 
Purple Purple 
White  Straw 

Tile segregation pattern of the mutant  characte- 
ristics and manifestation of new characters in the 
purple mutants  in the M 3 generation were as follows : 

P. A. : The mutant  bred true for apiculus and stig- 
ma colour but segregated Ior leaf sheath colour into 
t99 purple: 51 green. In the cross using purple leaf 
sheath as the pollen parent and the control with 
green leaf sheath as the female parent, the FlS were 

all purp le  and  in F~ the  two famil ies  segrega ted  into 
t82  purp le :  54 green and  188 purp le :  57 green re- 
spec t ive ly .  These  resul ts  are close to a 3:1 ra t io .  In  
the  M 3 genera t ion ,  t7  p l an t s  had  gra ins  wi th  awns 
while the  cont ro l  and  the  rest  of the  M 3 genera t ion  
p lan t s  were awnless.  In  the  M 2 also the  grains  were 
awnless.  

P. H. t : In  the  M a genera t ion ,  the  husk colour was 
purp le  in all t h e / 4 8  m u t a n t  p l an t s  examined  bu t  the  
p i g m e n t a t i o n  was less in tense  in 3 p l an t s  which  
a p p e a r e d  l ight  purple .  Out  of 148 plants ,  t45 were 
shor t  and  had  green leaf sheath ,  whi te  s t igma  and 
smal l  gra ins ;  the  3 l ight  purp le  ones were ta l l  and  
had  purp le  leaf shea th ,  purp le  s t igma  and large 
grains.  

P. H. 2: Of the  281 p lan t s  examined ,  269 were 
shor t  wi th  green leaf shea th ,  whi te  s t igma,  purp le  
husk,  purp le  apiculus  and smal l  grains.  The  remain-  
ing t2  were ta l l  and  had  purp le  s t igma,  l ight  purp le  
husk,  l ight  purp le  ap iculus  and  large gra ins ;  three  of 
these  t 2 p l an t s  had  purp le  leaf shea th .  

P. H. 3: Of t71 plants examined, 156 were shor t  
and  h a d  whi te  s t igma,  green leaf sheath ,  purp le  husk, 

Fig. 3. Portion of inflores- 
cence of P. A. mutant with 
purple stigma and purple 

apiculus 

Table 5. Grain dimension (ram) 4- S. E. in  M 3 generation 

Type Length Breadth Thickness 

P .A .  9 .86"**i0 .092  2.30 2t20.021 1.66"**-t-0.019 
P. H. I 8.86"**-1-0.049 2.24 4-0.019 1 .60 '**+0.014 
P. H. 2 8.75"*'4-0.081 2.13"**-1-0.026 1.57"*'4-0.011 
P. H. 3 8.58"*'4-1).048 1.86"**• 1.52"*'2120.014 
Control 10.85 4-0.059 2.26 • t.85 4-0.016 

*** = 1 ~ <~. O.OOl 



Type 

P. A. 
P . H .  t 
P . H .  2 
P . H .  3 
Control 

Induction of (;rain Size and Colour Mutations ill Rice 1 "ol. 4 o, No .  5 

Table 6. Character values -t:S. E. i,z M. a ge~wration 

Plant height No. of panicles Panicle length (;rain yield Straw Yield 
(cm) (cm) (gin/plant) (gin/plant) 

t63.9"* • 9.2"** ~0.46 27.1 *iO.48 22.75 ~1.21 36.04 ~ I .07  
I38.8"**•  I1 .2"**i0 .61  22.3 ~O.37 12.41'**=[-0.56 25.69** ~-O.96 
132.0"** • 9.5"**~0.34 22.2 y _ O . 3 4  t3.45"** ~-0.57 27.07"** ~0.66 
131.6"**• I0.2"** -~0.52 22.7 +0.54 8.32'** ~0.63 27.45* ~1.38 
t53.8 @2.09 6.6 z[0.29 24.4 ~1.o7 23.7O 41.27 33.99 _4__1.73 

* P <  0.(15 * *  --  1 ) <  O.O1 * * *  P <  0 . 0 0 1  
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purple apiculus and small grains, and 15 were tall and 
had purple leaf sheath,  purple stigma, light purple 
husk, light purple apiculus and large grains. Again, 
4 of the 156 plants  had larger e m p t y  glumes than  
normal.  The glumes were long, extending to the up- 
per edge of the palea, in contras t  with the usual 
e m p t y  glumes of the control  (Fig. 4); some were even 
longer than  the spikelets. 

Since most  purple m u tan t s  had smaller grains than 
the control,  f if ty grains each from the nmtan t s  and 
control,  excluding the segregates which had larger 
grains, were selected at r andom and measured in the 
:V/a generation. Compared with the control, signifi- 
cant  reduct ions  in length and thickness were observed 
in all the mu tan t s  and in bread th  in P. H. 2 and 
P. H. 3 only (Table 5). 

The agronomic  characters  of the mu tan t s  were 
compared  with those of the control. P. A. was taller 
than  the P. H. m u t a n t s  and the control,  bu t  P. H. 
mu tan t s  were shorter  than  the control. The number  
of panicles per plant  was significantly more in all the 
mu tan t s  than  in the control.  Only in P. A. was panicle 

Table 7. looo-grain weight (gin) 
i~z M a generatio~ 

Type 1000-grain 
weight 

I ). A. 28.78 
P. H. i 22.75 
P. H. 2 20.98 
P. H. 3 19.15 
Control 32.88 

S.E.  1.68 
C. 1). o, level 5/o 5.29 

at 1 o//.o level 7.52 

length greater  than  in the control. Tile low grain- 
yield of the mutan t s  (Table 6) in spite of increased 
numbers  of panicles, m a y  be a t t r ibu ted  to a reduct ion 
in 1000-grain weight (Table 7). The mu tan t s  did not  
differ from the control  in mean flowering t ime 
(Table 8). 

D i s c u s s i o n  

in  this invest igat ion the narrow grain m u t a n t  was 
of practical  interest from the point  of view of breed- 
ing, for it had fine grains and was superior in grain- 
yield to the control.  The increased yield is a t t r ibut -  
able to increases in panicle length and number  of 
panicles. These characters  and the grain size bred 
true. The association of change in grain size with 
p igmenta t ion in various plant  organs, tillering na- 
ture, panicle length and plant  height has recently 
been reported in a rice mu tan t  (Narahari  and Bora, 
1963). 

The short grain mutants ,  S. G. I and S. G. 2, also 
manifested a change in lmsk colour from straw to 
yellowish brown. The reduct ion in length and thick- 
ness of grains was more pronounced  than  reduct ion in 
breadth.  These mutan t s  bred true for grain size and 
husk colour. S .G.  t differed from S. G. 2 not only 
in its pronounced reduct ion in grain size but  also in 
earliness of flowering. 

The purple mutants ,  P . A . ,  P. H. t,  P. H. 2 and 
P. H. 3, were of academic interest.  Not only was 
the segregation pa t te rn  unusual  but  some developed 
new characters  not known in the mother  line. The 
major i ty  of the segregates of the P. H. mu tan t s  had 
green leaf sheath,  white s t igma and small grains 
while a very  small propor t ion had purple leaf sheath, 
tmrple s t igma and large grains. Murati  and Mori- 

Table 8. Flowering lime (days) • S.E. 
i~ ~I a generation 

Type Flowering time 

P .A.  lo6.6 ~- 0.21 
P. H. 1 107.2 :}: 0.17 
P. H. 2 106.4 :~ 0.21 
t ' . H .  3 107.1 :~1).21 
Control I07.O 7~ 0.20 

No. of plants 
examined 121) Fig. 4. Grains: (A) control and (B) P. H. 3 with enlarged outer 

empty glumes 
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waki  (1955) have  observed var ious  types  of charac ter  
combina t ions  and segregat ion of different  characters  
in an ear ly  and purple n m t a n t  in rice induced by  
neutrons.  Various segregat ion rat ios are also known 
for the inher i tance  of p igmen ta t ion  in leaf sheath  
and other  organs in rice (Ramiah  and Rao,  t953;  
(;hose at al., t960;  Basu and Roychoudhu ry ,  1965). 
As found in the present  inves t igat ion,  green is gene- 
rally known to be recessive to purple in rice. How- 
ever,  in a cross be tween  two wild species of Oryza, 
Richhar ia  and Seshu (196t) have  shown tha t  green 
was dominant .  
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